A Parametric Study of Functionally Graded Rotating Annular Fin  by Gaba, Vivek Kumar et al.
 Procedia Engineering  127 ( 2015 )  126 – 132 
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICCHMT – 2015
doi: 10.1016/j.proeng.2015.11.436 
ScienceDirect









ILQVZLWK LQVXODWHG WLS$ SDUDPHWULF VWXG\ LV WKHQ FDUULHG RXW E\ YDU\LQJ JUDGLQJ SDUDPHWHUV DORQJZLWK WKH SDUDPHWHU RI







WR D FROG IOXLG 2I WKHVH DQQXODU ¿QV ILQG QXPHURXV DSSOLFDWLRQV LQ FRPSDFW KHDW H[FKDQJHUV VSHFLDOL]HG
LQVWDOODWLRQV RI VLQJOH DQG GRXEOH SLSH KHDW H[FKDQJHUV HOHFWULFDO DSSDUDWXV ZLWK HIILFLHQW KHDW GLVVLSDWLRQ
F\OLQGHUVRIDLUFRROHGLQWHUQDOFRPEXVWLRQHQJLQHVDQGIXHOFDQVLQQXFOHDUUHDFWRUVWRQDPHDIHZ7KHGHVLJQRI
D ILQ LV FRQVLGHUHG WR EH RSWLPXPZKHQ WKH ILQV UHTXLUHPLQLPXP FRVW RIPDQXIDFWXULQJ RIIHU WKHPLQLPXP
UHVLVWDQFH WR WKH IOXLGIORZDUH OLJKW LQZHLJKWDQGDUHHDV\ WRPDQXIDFWXUH$GHWDLOHG UHYLHZRI OLWHUDWXUHRQ
RSWLPXPGHVLJQRIILQVKDVEHHQFDUULHGRXWVWDUWLQJZLWK>@ZKHUHXSRQXVLQJDVHWRILGHDOL]LQJDVVXPSWLRQV
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RSWLPXPVXUIDFHSURILOHRID ILQUHTXLUHG WRGLVVLSDWHDFHUWDLQDPRXQWRIKHDW IURPWKHJLYHQVXUIDFHZLWKQR
UHVWULFWLRQRQWKHILQKHLJKWDQGWKHQH[WHQGHGWKHLUVWXG\IRUWKHFDVHZKHQILQKHLJKWLVJLYHQ'XIILQ>@JDYHD
PHWKRG IRU FDUU\LQJ RXW WKHPLQLPXPZHLJKW GHVLJQ RI D ILQ XVLQJ D ULJRURXVPDWKHPDWLFDOPHWKRG EDVHGRQ
9DULDWLRDQDO FDOFXOXV DQG DVVXPHGFRQVWDQW WKHUPDO FRQGXFWLYLW\RI D ILQPDWHULDO DQG D FRQVWDQW KHDW WUDQVIHU
FRHIILFLHQWDORQJWKHILQVXUIDFH,QDUHFHQWZRUN$UDX]RHWDO>@UHSRUWHGDWHQWHUPSRZHUVHULHVPHWKRGIRU
SUHGLFWLQJ WKH WHPSHUDWXUH GLVWULEXWLRQV DQG WKH KHDW WUDQVIHU UDWHV RI DQQXODU ILQV RI K\SHUEROLF SURILOHV
$VVXPLQJIL[HGILQYROXPH$UVODQWXUN>@UHSRUWHGVLPSOHFRUUHODWLRQHTXDWLRQVIRURSWLPXPGHVLJQRIDQQXODU
ILQVZLWK XQLIRUPFURVV VHFWLRQV WRREWDLQ WKHGLPHQVLRQOHVV JHRPHWULFDO SDUDPHWHUVRI WKH ILQZLWKPD[LPXP
KHDWWUDQVIHUUDWHV7KHVHVLPSOHFRUUHODWLRQHTXDWLRQVFDQKHOSWKHWKHUPDOGHVLJQHQJLQHHUVIRUFDUU\LQJRXWWKH
VWXG\RQRSWLPXPGHVLJQRIDQQXODUILQVRIXQLIRUPWKLFNQHVV,QWKHLUUHFHQWZRUN.XQGXDQG'DV>@UHSRUWHG


























,QD UHFHQWZRUN ,ERUUDDQG&DPSR>@UHSRUWHG WKDWDSSUR[LPDWHDQDO\WLF WHPSHUDWXUHSURILOHVDQGKHDW
WUDQVIHUUDWHVRIJRRGTXDOLW\DUHHDVLO\REWDLQDEOHZLWKRXWUHVRUWLQJWRWKHH[DFWDQDO\WLFWHPSHUDWXUHGLVWULEXWLRQ
DQGKHDWWUDQVIHUUDWHEDVHGRQPRGLILHG%HVVHOIXQFWLRQV.DQJ>@UHSRUWHGWKHRSWLPXPSHUIRUPDQFHDQGILQ
OHQJWK RI D UHFWDQJXODU SURILOH DQQXODU ILQ XVLQJ YDULDWLRQV VHSDUDWLRQ PHWKRG $]L] DQG )DQJ >@ SUHVHQWHG







,Q DQ H[SHULPHQWDO VWXG\ KHDW WUDQVIHU UDWH DQG HIILFLHQF\ IRU FLUFXODU DQG HOOLSWLFDO DQQXODU ILQV ZHUH
DQDO\]HG IRUGLIIHUHQW HQYLURQPHQWDO FRQGLWLRQVE\1DJDUDQL>@DQGKLJK HIILFLHQF\ZDV UHSRUWHG IRU HOOLSWLFDO
ILQVDVFRPSDUHGWRFLUFXODURQHV$QDQDO\WLFDOVROXWLRQIRUDURWDWLQJUDGLDOILQRIUHFWDQJXODUSURILOHZHUHJLYHQ
E\$]L]DQG.KDQL>@,QWKLVVWXG\VROXWLRQZDVREWDLQHGE\+RPRWRS\DQDO\VLV0HWKRG+$0DQGFRPSDUHG
ZLWK WKHGLUHFWQXPHULFDO VROXWLRQ IRUERWK UHFWDQJXODUDQGSDUDEROLFSURILOHV ,QDQRWKHU VWXG\$]L]DQG)DQJ
>@GHULYHGDQDO\WLFDOH[SUHVVLRQVIRUWKHWHPSHUDWXUHGLVWULEXWLRQWLSKHDWIORZDQGELRWQXPEHUDWWKHWLSDQG
UHSRUWHGWKHUPDOSHUIRUPDQFHRIWKHDQQXODUILQXQGHUERWKFRROLQJDQGKHDWLQJFRQGLWLRQV
0RUDGL DQG 5DILHH >@ VROYHG WKH FRQYHFWLRQUDGLDWLRQ SUREOHP RI PRYLQJ ORQJLWXGLQDO ILQ IRU YDU\LQJ
SURILOHV'LIIHUHQWLDOWUDQVIRUPDWLRQPHWKRGZHUHDSSOLHGIRUVROYLQJWKHJRYHUQLQJHTXDWLRQDQGUHVXOWVLQGLFDWH
WKDWH[SRQHQWLDOSURILOHWLSWHPSHUDWXUHLVKLJKHUWKDQWKHRWKHUSURILOH













VKRZQ LQ )LJ 7KLV FRUUHODWLRQ HTXDWLRQ VHFRQG RUGHU GLIIHUHQWLDO HTXDWLRQ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7KH WHPSHUDWXUHGLVWULEXWLRQ DQGKHDW WUDQVIHU RI WKH ILQ LV FDOFXODWHGE\ HYDOXDWLQJ WKH ILUVW GHULYDWLYHRI
WHPSHUDWXUHDWWKHILQEDVHLHI¶[ E\VROYLQJVHFRQGRUGHUGLIIHUHQWLDOHTXDWLRQLQ0$7/$%XVLQJVXEURXWLQH
EYSF 6KDPSLQH HW $O >@ 6XEURXWLQH EYSF LV D SURYHQ WHFKQLTXH WR VROYH ERXQGDU\ YDOXH SUREOHPV E\
FKRRVLQJ D FRQWLQXRXV SLHFHZLVH SRO\QRPLDO WKDW DGMXVWV WR WKH ERXQGDU\ FRQGLWLRQV7KH UHPDLQLQJ XQNQRZQ






WKH LVRWURS\ RI PDWHULDO $]L] DQG .KDQL >@ DQG SUHVHQWHG LQ )LJ  7KH UHVXOWV DUH IRXQG WR EH LQ JRRG
DJUHHPHQWZLWKEHQFKPDUNUHVXOWV7KLVLVIROORZHGE\DSDUDPHWULFVWXG\IRUDJUDGLQJSDUDPHWHULHE IRU
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SDUDPHWHU E   6LPLODU REVHUYDWLRQ LV DOVR UHSRUWHG IRU WKH LQFUHDVH LQ& IRU DQ\& EXW LQIOXHQFH RI ILQ
SDUDPHWHU& LVPRUHRQ WHPSHUDWXUHGLVWULEXWLRQDORQJ WKHUDGLXVFRPSDUHG WRSDUDPHWHU&7KLV UHYHDOV WKDW
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KLJKHU WKHYDOXHRI ILQSDUDPHWHU&DQG URWDWLQJSDUDPHWHU& VKDUSHU WKHGHFOLQH LQ WHPSHUDWXUHSURILOH WKXV
LQGLFDWLQJWKDWWKHSRUWLRQQHDUWKHWLSRIWKHILQLVQRWSDUWLFLSDWLQJLQKHDWWUDQVIHU$VDUHVXOWWKHSHUIRUPDQFH
RIWKHILQUHGXFHVZLWKWKHLQFUHDVHLQILQSDUDPHWHUDQGURWDWLQJSDUDPHWHUIRUWKHVDPHDVSHFWUDWLR+RZHYHU










7KH SHUIRUPDQFH RI IXQFWLRQDOO\ JUDGHG DQQXODU ILQV KDYLQJ UHFWDQJXODU SURILOH VXEMHFWHG WR URWDWLRQ LV
UHSRUWHG 7KH VWXG\ LV FDUULHG RXW IRU GLIIHUHQW YDOXH RI SDUDPHWHU & DQG& DQG JUDGLQJ SDUDPHWHU E ,W LV
REVHUYHG WKDW IRU LQFUHDVH LQ ILQ SDUDPHWHU & DQG URWDWLRQDO VSHHG SDUDPHWHU& WKH SHUIRUPDQFH RI WKH ILQ


















>@ $QWRQLR $FRVWD,ERUUD $ &DPSR $SSUR[LPDWH $QDO\WLF 7HPSHUDWXUH 'LVWULEXWLRQ DQG (IILFLHQF\ IRU $QQXODU )LQV RI 8QLIRUP
7KLFNQHVV,QW-RI7KHUPDO6FLHQFHV
>@ . +\XQJ6XN 2SWLPL]DWLRQ RI D UHFWDQJXODU SURILOH DQQXODU ILQ EDVHG RQ IL[HG ILQ KHLJKW -RXUQDO RI 0HFKDQLFDO 6FLHQFH DQG
7HFKQRORJ\




>@ 1 1DJDUDQL ([SHULPHQWDO +HDW 7UDQVIHU $QDO\VLV RQ $QQXODU &LUFXODU DQG (OOLSWLFDO )LQV ,QWHUQDWLRQDO -RXUQDO RI (QJLQHHULQJ
6FLHQFHVDQG7HFKQRORJ\






>@ 9. *DED 6 %KRZPLFN DQG $.7LZDUL 7KHUPDO 3HUIRUPDQFH RI )XQFWLRQDOO\ *UDGHG 3DUDEROLF $QQXODU )LQV +DYLQJ &RQVWDQW
:HLJKW-RXUQDORI0HFKDQLFDO6FLHQFHDQG7HFKQRORJ\
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>@ /) 6KDPSLQH HW DO 6ROYLQJ %RXQGDU\ 9DOXH 3UREOHPV IRU 2UGLQDU\ 'LIIHUHQWLDO (TXDWLRQV LQ 0DWODE ZLWK EYSF 
ZZZPDWKZRUNVFRPEYSBWXWRULDO
